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Abstract 

Background: Establishing personal identity is one of the main concerns in forensic investigations. Estimation of 
stature forms a basic domain of the investigation process in unknown and co-mingled human remains in forensic 
anthropology case work. The objective of the present study was to set up standards for estimation of stature from 
the foot and its segments in a sub-adult female population. 

Methods: The sample for the study constituted 149 young females from the Northern part of India. The 
participants were aged between 13 and 18 years. Besides stature, seven anthropometric measurements that 
included length of the foot from each toe (T1, T2, T3, T4, and T5 respectively), foot breadth at ball (BBAL) and foot 
breadth at heel (BHEL) were measured on both feet in each participant using standard methods and techniques. 

Results: The results indicated that statistically significant differences (p < 0.05) between left and right feet occur in 
both the foot breadth measurements (BBAL and BHEL). Foot length measurements (T1 to T5 lengths) did not show 
any statistically significant bilateral asymmetry. The correlation between stature and all the foot measurements was 
found to be positive and statistically significant {p-value < 0.001). Linear regression models and multiple regression 
models were derived for estimation of stature from the measurements of the foot. The present study indicates that 
anthropometric measurements of foot and its segments are valuable in the estimation of stature. Foot length 
measurements estimate stature with greater accuracy when compared to foot breadth measurements. 

Conclusions: The present study concluded that foot measurements have a strong relationship with stature in the 
sub-adult female population of North India. Hence, the stature of an individual can be successfully estimated from 
the foot and its segments using different regression models derived in the study. The regression models derived in 
the study may be applied successfully for the estimation of stature in sub-adult females, whenever foot remains are 
brought for forensic examination. Stepwise multiple regression models tend to estimate stature more accurately 
than linear regression models in female sub-adults. 

Keywords: Forensic podiatry, Personal identification, Anthropometry, Stature estimation, Foot, Sub-adults (adoles- 
cents), North-Indian females 



Background 

Forensic podiatry is the application of sound and 
researched podiatric knowledge and experience in foren- 
sic investigations, to show the association of an indivi- 
dual with a scene of crime, or to answer any other legal 
question concerned with the foot or footwear that 
requires knowledge of the functioning foot [1,2]. One of 
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the main tasks of forensic podiatrists is to contribute to 
the establishment of personal identity in forensic investi- 
gations. The need to establish the identity of dismem- 
bered remains may arise in cases of mass disasters like 
terrorist attacks, mass murders, transport accidents, tsu- 
namis, floods, and earthquakes. Estimation of stature is 
an important parameter in forensic investigation and is 
considered as one of the 'big fours' of forensic anthro- 
pology. Stature, age, sex and ancestry facilitate the nar- 
rowing down of the pool of possible victim matches in 
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the forensic investigation process and help in establish- 
ing identification of the individual. Stature can be esti- 
mated from skeletal remains and body parts owing to 
the established relationship between stature and differ- 
ent parts of the body [3-7]. 

Forensic identification from the foot and its parts is 
important as there is an increased likelihood of the recov- 
ery of feet (often enclosed in shoes), separated from the 
body, in mass disasters such as high power explosions 
and bomb blasts, air plane crashes and other high impact 
transportation accidents [8]. The significance of the 
human foot and its bones, and foot prints in identifica- 
tion has been successfully reported in the past [2]. Pub- 
lished literature on estimation of sex from foot bones and 
foot dimensions [9-13], individualistic and unique fea- 
tures of the foot and footprints [13-18], and the use of 
radiographic comparisons of the foot [19-23] confirms 
the importance of the foot in identification. Kanchan et 
al [24] have reported the correlation of hand and foot 
dimensions for personal identification in mass disasters. 
Earlier studies of the estimation of stature from human 
foot bones [25-29], foot dimensions [30-39], foot prints 
and foot outline [40-42] reveal that the human foot, its 
bones and its impressions can successfully be used in 
estimation of stature in forensic and legal examinations. 

Stature estimation is commonly reported in forensic 
case work pertaining to adult populations and less com- 
monly in sub-adult cases [43]. Even the earlier studies 
on estimation of stature from foot measurements were 
conducted on adult populations [30-39]. Studies to 
establish standards for stature estimation in a sub-adult 
population are essential as the formula derived for sta- 
ture estimation in the adult population cannot be 
applied to sub-adults. In the case of growing individuals, 
it is probably more useful to estimate age than stature. 
Once the age is established, estimation of stature can 
reduce the pool of possible victim matches even further. 
The present study on the estimation of stature from the 
foot and its segments was thus conducted on a sub- 
adult female population. A detailed anthropometric ana- 
lysis of seven foot measurements was conducted in the 
study sample. The purpose of the present study was to 
correlate stature with various anthropometric measure- 
ments of the foot and its segments and estimate stature 
from these measurements using linear and multiple 
regression models in a sub-adult female population of 
North India. The study is intended to formulate stan- 
dards for the estimation of stature from the foot and its 
parts in a sub-adult female population of North India. 

Methods 

The study was conducted in a selected area of Tehsil 
Kalka, in the District of Panchkula in Haryana state, 
Northern India. The data were collected on a sample of 



149 North Indian sub-adult females. The participants 
were aged 13 to 18 years (Mean age 15.5 ± 1.6 years). 
Age distribution for the study sample is shown in Figure 
1. Healthy individuals were included in the study after 
taking informed consent. The data were collected in the 
month of October-November 2006 from the educational 
institutions located in the villages of Nanakpur, Marran- 
wala and Bassolan. The participants were taken from a 
mixed population of the area i.e. belonging to caste 
groups Lobana, Saini, Gujjar, Kumhar, Teli, Nai, Dhi- 
man and Lobar. These are the major caste groups of 
North India, strictly marrying within their own caste. 
The majority of the individuals from these caste groups 
are engaged in agriculture, and animal husbandry. 

Data collection and anthropometry 

The data for the present study included stature, length 
of the foot from each toe (Tl, T2, T3, T4, and T5 
respectively), foot breadth at the ball and foot breadth at 
the heel. All the measurements were taken with stan- 
dard procedures and landmarks defined by Krishan [8], 
Robbins [14] and Vallois [44]. The following techniques 
were used while taking measurements: 

Stature: Stature is the vertical distance between the 
point vertex (highest point on the head when the head 
is held in the Frankfurt Horizontal plane) and the floor. 
Each participant was asked to stand up against the wall 
with hands hanging down, feet axes parallel or slightly 
divergent, and head in the Frankfurt Horizontal plane. 
Thus, the participant was made to stand in an erect pos- 
ture without any headgear or footwear being worn and 
stature was recorded using an anthropometer. No pres- 
sure was exerted since this is a contact measurement. 

For recording foot measurements, the participant was 
made to stand so that both feet were slightly apart with 
equal pressure on both. The sliding caliper was placed 
horizontally on the landmarks and the measurement 
was taken. All the anthropometric measurements taken 
on the foot are depicted in Figure 2. Different landmarks 
on the foot are described in Table 1. 

Tl Length (dl.t-pte.): Distance from pternion (pte) 
to the most distal part of the first toe (dl.t). 

T2 Length (d2.t-pte.): Distance from pternion (pte) 
to the most distal part of the second toe (d2.t). 

T3 Length (d3.t-pte.): Distance from pternion (pte) 
to the most distal part of the third toe (d3.t). 

T4 Length (d4.t-pte.): Distance from pternion (pte) to 
the most distal part of the fourth toe (d4.t). 

T5 Length (d5.t-pte.): Distance from pternion (pte) to 
the most distal part of the fifth toe (d5.t). 

Pternion (pte.) is the most posteriorly projecting point 
on the heel when the participant stands erect. 

Foot breadth at ball (mt.l-mt.m): Distance between 
the joint of the anterior epiphyses of the first metatarsal 
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Age (in years) 



Figure 1 Age distribution of the study sample 




pte. 

Figure 2 Measurements and landmarks on the human foot 



(mt.m), the most prominent part of the inner side of the 
ball of the foot, and the joint of the anterior epiphyses 
of the fifth metatarsal (mt.l), the most prominent part of 
the outer side of the ball of the foot. 

Foot breadth at heel (cc.m-ctu.l): Distance taken 
from the lateral side of the heel (ctu.l) to the medial 
side (cc.m) of the heel. 

All the measurements were taken with the help of 
standard instruments; anthropometric rod and sliding 
caliper. The information about the age of the partici- 
pants was taken from school records and was cross- 
checked with the participants. Measurements were 
recorded to the nearest millimeter. Only healthy partici- 
pants free from any deformity of the foot were included 
in the study. 

Technical/Measurement error 

While conducting the present study, the technical error 
of the measurement and intra-observer error inherent in 
anthropometry were taken into consideration. While 
collecting data in the field, the instruments were regu- 
larly checked for their accuracy. All the measurements 
were taken by one individual, trained physical anthro- 
pologist (NP), to avoid inter-personal or inter-observer 
error. Before beginning data collection, all measure- 
ments were taken on 15 participants twice and the tech- 
nical error calculated following Schell et al. [45]. The 
measurement error is defined as the square root of the 
sum of the squared deviations divided by twice the sam- 
ple size (S 2 = Vld 2 /2n). The same formula was applied 
to the left-right foot differences. The value of 'F statis- 
tics (F-ratio) was calculated. Table 2 presents the sizes 
of the technical error variance of the foot measure- 
ments. The technical error within the measurements 
taken from each foot (left or right) and between each of 
these feet is described as the 'S2 within foot' and 'S2 
between feet" and the ratio of the two errors is distribu- 
ted as an F-statistic. The F-ratio for all the measure- 
ments is statistically significant at the a -level of P < 
0.01. Hence, the variation between left and right feet 
respectively is several times larger than the measure- 
ment error, indicating that measurement error contribu- 
ted little to the apparent difference between left and 
right feet. The findings indicate that the measurements 
are reproducible and without significant technical error. 

Data analysis 

The data were statistically analyzed using SPSS (Statisti- 
cal Package for Social Sciences, version 11.0) computer 
software (SPSS, Inc., Chicago, IL, USA). Asymmetry 
between sides in the foot measurements was calculated 
and tested using a paired t-test [45]. Pearson's correla- 
tion coefficients were calculated to find the correlation 
between stature and various measurements of the foot. 
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Table 1 Landmarks used in foot measurements, and their description 



Landmark 


Description 


Pternion (pte) 


Most projected point on the back of the heel when the participant is standing 


Digit 1, terminal (dl.t) 


Most anterior point on the terminal phalanx of the first toe 


Uiy IL Z, Lfcrl I I III ldl \UZ.LJ 


IV1USL dllLfcrMUl pUIIIL UN LMC LcinilMdl pildldllX Ul U Ic SfcrLUI IU lUc 


Digit 3, terminal (d3.t) 


Most anterior point on the terminal phalanx of the third toe 


Digit 4, terminal (d4.t) 


Most anterior point on the terminal phalanx of the fourth toe 


Digit 5, terminal (d5.t) 


Most anterior point on the terminal phalanx of the fifth toe 


Metatarsal medial (mt.m) 


Joint of the anterior epiphyses of the first metatarsal 


Metatarsal lateral (mt.l) 


Joint of the anterior epiphyses of the fifth metatarsal 


Calcaneal tubercle lateral (ctu.l) 


Most lateral side of the heel 


Calcaneal concavity medial (cc.m) 


Most medial side of the heel 



Stature was estimated from the foot and its various 
measurements by using linear and multiple regression 
analysis. A p-value of less than 0.05 was considered to 
be significant. The linear regression models for stature 
estimation are derived as S (stature) = a + b x ± SEE, 
where, 'a' is constant, 'b' is the regression coefficient of 
the independent variable i.e. individual foot measure- 
ment, 'x' is an individual variable/foot measurement and 
SEE is Standard Error of Estimate. Multiple regression 
models were calculated for reconstruction of stature 
from foot length (Tl to T5) and foot breadth measure- 
ments. Step-wise multiple regression models were 
derived as S (stature) = a (constant) + bl (1: regression 
coefficient of the variable) x XI (1: variable) + b2 (2: 
regression coefficient of the variable) x X2 (2: variable) 
+... bn (n: regression coefficient of the variable) x Xn (n: 
variable) ± SEE. 

Results and discussion 

Descriptive statistics of foot dimensions (cm) on the 
right and left sides and the side differences (right-left) 
are shown in Table 3. Statistically significant (p < 0.05) 
side differences occurred in the foot breadth measure- 
ments (BBAL and BHEL). Foot length measurements 
(Tl to T5 lengths) did not show any statistically 



Table 2 Technical error of measurement within and 
between sides of foot dimensions 



Foot dimension 


S 2 (Within side) 


S 2 (Between side) 


F-ratio 


T1 


0.0527 


0.3866 


7.3350* 


T2 


0.0321 


0.2242 


6.9844* 


T3 


0.0436 


0.2687 


6.1628* 


T4 


0.0429 


0.1987 


4.6317* 


T5 


0.0178 


0.1873 


10.5224* 


BBAL 


0.0499 


0.1816 


3.6392* 


BHEL 


0.0291 


0.4153 


14.2714* 



T1-T1 Length (dl.t-pte), T2-T2 Length (d2.t-pte), T3-T3 Length (d3.t-pte), T4-T4 
Length (d4.t-pte), T5-T5 Length (d5.t-pte), BBAL-Foot breadth at ball (mt.m-mt. 
I), BHEL-Foot breadth at heel (cc.m-ctu.l) *p < 0.01 



significant bilateral asymmetry between left and right 
feet (p > 0.05). 

Table 4 shows the descriptive statistics for stature and 
foot measurements in sub-adult females across different 
ages. The table indicates the variations observed in foot 
measurements and stature through the different ages in 
the study sample. Mean stature and foot measurements 
did not show significant variation through the different 
ages (p > 0.05). In the age 14 years group, an outlying 
stature value of 183.9 cm is observed that has probably 
resulted in the higher standard deviation SD for stature 
in this group. 

Pearson's correlation coefficients (r) between stature 
and various foot measurements on the right and left 
sides are shown in Table 5. All the correlation coeffi- 
cients were found to be statistically significant (p < 
0.001). Thus, stature is positively and significantly 
related to various foot measurements. Foot length mea- 
surements however, show higher correlation coefficients 
than foot breadth measurements. 

Foot length measurements (Tl to T5) did not show 
any differences between left and right feet, hence the 
mean of right and left feet together was used to derive 



Table 3 Descriptive statistics of foot dimensions (cm) on 
right and left sides and side (Right-Left) differences 





Right foot 




Left foot 






t-value 


p-value 




Range 


Mean 


S.D. 


Range 


Mean 


S.D. 






Tl 


20.7-27.7 


23.2 


1.1 


20.6-25.7 


23.2 


1.0 


0.213 


0.832 


T2 


19.7-24.6 


22.7 


1.0 


1 9.9-24.9 


22.7 


0.9 


-0.769 


0.443 


T3 


19.1-24.0 


21.8 


1.0 


1 9.0-24.0 


21.8 


0.9 


-0.562 


0.575 


T4 


18.1-23.0 


20.6 


0.9 


1 8.0-23.0 


20.5 


0.9 


0.309 


0.758 


T5 


16.5-21.3 


19.1 


0.9 


16.6-21.4 


19.1 


0.9 


-0.734 


0.464 


BBAL 


7.6-10.1 


8.9 


0.5 


7.7-10.3 


9.1 


0.5 


-4.554 


< 0.001 


BHEL 


5.1-6.7 


5.9 


0.4 


4.9-6.8 


5.7 


0.4 


5.586 


< 0.001 



S.D.-standard deviation, T1-T1 Length (d 1 .t-pte), T2-T2 Length (d2.t-pte), T3-T3 
Length (d3.t-pte), T4-T4 Length (d4.t-pte), T5-T5 Length (d5.t-pte), BBAL-Foot 
breadth at ball (mt.m-mt.l), BHEL-Foot breadth at heel (cc.m-ctu.l) 
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Table 4 Descriptive statistics for age distribution (years) of stature and foot measurements (cm) 





Age 


13 (n = 13) 


14 (n = 30) 


15 (n = 33) 


16 (n = 27) 


17 (n = 26) 


18 (n = 20) 


Variable 


T1 


Mean (SD) 


22.9 (1 .2) 


23. 1 (0.9) 


23.0 (1.0) 


23.4 (1.2) 


23.2 (0.9) 


23.6 (0.9) 




Range 


21 .3-24.9 


21 .4-25.7 


21.0-25.5 


20.7-25.6 


21 .6-24.9 


21 .7-24.9 


T2 


Mean (SD) 


22.5 (1 .0) 


22.5 (0.8) 


22.5 (0.9) 


22.8 (l .1 ) 


22.9 (0.9) 


23.0 (0.9) 




Range 


21 .3-24.7 


20.6-24.1 


20.5-24.7 


1 9.8-24.6 


21 .3-24.6 


21.1 -24.7 


T3 


Mean (SD) 


21 .7 (0.9) 


21. 7 (0.8) 


21. 5 (1.0) 


21.8 (1.1) 


22.0 (0.9) 


22. 1 (0.8) 




Range 


20.6-23.6 


20.0-22.9 


1 9.2-24.0 


1 9.0-23.7 


20.4-23.4 


20.5-23.6 


T4 


f\ a ^ ^ ^ rr n\ 

Mean (SD) 


20.4 (0.9) 


20.5 (0.8) 


20.3 (0.9) 


20.6 (1.0) 


20.8 (0.8) 


20.9 (0.8) 




Range 


19.1-22.4 


1 9.0-22.5 


1 8.5-23.0 


18.1-22.4 


1 9.2-22.2 


1 9.3-22.8 


T5 


f\ a ^ ^ ^ rr n\ 

Mean (SD) 


19.0 (0.9) 


18.9 (0.6) 


18.9 (0.9) 


19.1 (1.2) 


19.4 (0.8) 


19.5 (0.6) 




Range 


1 7.8-20.5 


1 7.9-20.6 


1 7.1 -21 .3 


16.7-21.4 


1 7.9-20.5 


1 7.8-20.9 


RRRAI 


IViedll V^L-JJ 


9.1 (C\l\ 
O.i yj./ } 


on (r\A\ 

O.y yJ.H) 


on (r\Q\ 


Q 1 If) Q 


on (C\A\ 


Q 1 ^ ^ 




Range 


7.8-10.0 


8.3-10.0 


7.7-9.8 


8.2-10.1 


7.6-9.7 


8.0-9.8 


LBBAL 


Mean (SD) 


8.9 (0.5) 


8.9 (0.3) 


9.0 (0.5) 


9.2 (0.5) 


8.9 (0.4) 


9.1 (0.5) 




Range 


8.0-10.0 


8.4-9.8 


7.8-10.1 


8.3-10.3 


7.7-9.5 


8.1-10.2 


RBHEL 


Mean (SD) 


5.8 (0.5) 


5.7 (0.3) 


5.8 (0.4) 


5.9 (0.4) 


5.9 (0.3) 


6.0 (0.4) 




Range 


5.2-6.7 


5.1-6.2 


5.1-6.5 


5.2-6.7 


5.3-6.4 


5.4-6.6 


LBHEL 


Mean (SD) 


5.7 (0.5) 


5.6 (0.3) 


5.8 (0.4) 


5.9 (0.4) 


5.8 (0.3) 


5.9 (0.4) 




Range 


4.9-6.5 


5.2-6.3 


5.1-6.5 


5.1-6.8 


4.9-6.4 


5.2-6.7 


Stature 


Mean (SD) 


152.1 (5.8) 


153.2 (7.3) 


153.1 (5.4) 


155.6 (6.4) 


154.8 (3.5) 


157.0 (5.2) 




Range 


143.8-162.1 


142.3-183.9 


141.7-163.9 


141.9-164.7 


147.9-161.0 


149.4-166.0 



S.D.-standard deviation, T1-T1 Length (dl.t-pte), T2-T2 Length (d2.t-pte), T3-T3 Length (d3.t-pte), T4-T4 Length (d4.t-pte), T5-T5 Length (d5.t-pte), BBAL-Foot 
breadth at ball (mt.m-mt.l), BHEL-Foot breadth at heel (cc.m-ctu.l) 



linear regression models from individual foot lengths 
from Tl to T5 (Table 6). However, for stature estima- 
tion from the foot breadth measurements (BBAL, 
BHEL), linear regression models were derived for right 
and left feet individually (Table 7). These regression 
models may be applied in stature estimation from the 
foot and its various segments independently. It is 
observed that stature can be estimated more accurately 
from foot length measurements than foot breadth mea- 
surements. Among the foot measurements, Tl gives the 
most accurate estimation of stature by linear regression 



Table 5 Pearson Correlation (r) between stature and 
different foot dimensions 



Foot Dimension 


Right 


Left 


T1 


0.581* 


0.661* 


T2 


0.589* 


0.583* 


T3 


0.554* 


0.601* 


T4 


0.521* 


0.577* 


T5 


0.570* 


0.616* 


BBAL 


0.353* 


0.375* 


BHEL 


0.405* 


0.376* 



T1-T1 Length (dl.t-pte), T2-T2 Length (d2.t-pte), T3-T3 Length (d3.t-pte), T4-T4 
Length (d4.t-pte), T5-T5 Length (d5.t-pte), BBAL-Foot breadth at ball (mt.m-mt. 
I), BHEL-Foot breadth at heel (cc.m-ctu.l), *p-value < 0.001 



analysis. Although the SEE value is minimal and the 
predictive accuracy (R ) maximum for Tl, accuracy of 
all measurements in stature estimation were comparable 
(Table 6). The accuracy of foot breadth measurements 
in stature estimation is less than that of the foot length 
measurements. 

Stepwise multiple regression models are derived for 
estimation of stature from foot length (Tl to T5) and 
foot breadth measurements (BHEL and BBAL) as shown 
in Table 8 and Table 9 respectively. Since bilateral 
asymmetry exists in foot breadth measurements, multi- 
ple regression models are derived on both left and right 
sides separately. Multiple regression models derived 
from the measurement of the foot length (Tl to T5) 

Table 6 Linear regression models for reconstruction of 



stature from foot length measurements 



Variable 


Regression model 


S.E.E (cm) 


R 


R 2 


p-value 


T1 


69.346 + 3.663 (T1) 


4.568 


0.636 


0.405 


< 0.001 


T2 


70.679 + 3.688 (T2) 


4.745 


0.598 


0.358 


< 0.001 


T3 


75.341 + 3.630 (T3) 


4.798 


0.586 


0.343 


< 0.001 


T4 


79.009 + 3.665 (T4) 


4.921 


0.556 


0.309 


< 0.001 


T5 


76.106 + 4.090 (T5) 


4.716 


0.605 


0.366 


< 0.001 



T1-T1 Length (dl.t-pte), T2-T2 Length (d2.t-pte), T3-T3 Length (d3.t-pte), T4-T4 
Length (d4.t-pte), T5-T5 Length (d5.t-pte), S.E.E-Standard Error of Estimate 
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Table 7 Linear regression models for reconstruction of 
stature from foot breadth measurements. 



Variable 


Regression model 


S.E.E (cm) 


R 


R 2 




p-value 


RBBAL 


115.149 + 4.369 (RBBAL) 


5.540 


0.353 


0. 


25 


< 0.001 


LBBAL 


112.483 + 4.619 (LBBAL) 


5.488 


0.375 


0. 


■'11 


< 0.001 


RBHEL 


114.645 + 6.761 (RBHEL) 


5.413 


0.405 


0.1 


64 


< 0.001 


LBHEL 


121.312 + 5.721 (LBHEL) 


5488 


0.376 


0. 


■11 


< 0.001 



RBBAL-Right Foot breadth at ball (mt.m-mt.l), RBHEL-Right Foot breadth at 
heel (cc.m-ctu.l), LBBAL-Left Foot breadth at ball (mt.m-mt.l), LBHEL-Left Foot 
breadth at heel (cc.m-ctu.l), S.E.E-Standard Error of Estimate 



estimate stature more accurately than models derived 
from the measurements of the foot breadth (BHEL and 
BBAL). It is further observed that the multiple regres- 
sion models tend to estimate stature more accurately 
than the respective linear regression models for length 
and breadth measurements. 

Age and growth velocity are important factors to be 
considered in correlating foot measurements and stature. 
In sub-adults, foot measurements are naturally correlated 
with age but the phenomenon is complicated by differ- 
ences in rates of growth between the individuals [46,47]. 
The average adult length of foot is attained by the age of 
16 years in males and 14 years in females [48,49]. During 
this period, there is a growth spurt and long bones con- 
tinue to grow leading to an increase in stature untill the 
individual attains maturity. Stature estimation in the case 
of sub-adults is even more difficult because of the 
ongoing physical growth of the thorax region and long 
bones of the lower limbs which contribute substantially 
to stature of an individual. In the past, stature estimation 
studies have been largely conducted on the adult popula- 
tion primarily owing to adolescent growth spurt and the 
effect of growth on long bones of the body. Very 
obviously the formula derived for the adult population 
cannot be applied to sub-adults. Keeping in view the lack 
of systematic studies on stature estimation from foot 
measurements in adolescents or the sub-adult popula- 
tion, and in the wake of rising incidence of teenage 
crimes in India [50], the study may be helpful in the esti- 
mation of stature where other possible means of identifi- 
cation are not useful. To the best of our knowledge no 
similar studies have been conducted on stature estima- 
tion in a sub-adult population and hence the findings of 
the study cannot be compared per se. 

Table 8 Step-wise regression models for reconstruction 



of stature from foot length (T1 to T5) measurements 



Variable Regression model 




S.E.E (cm) R R 2 


Tl to T5 67.535 + 2.574(71*) 
2.115(73)-3.356(T4*) 


+ 0.102(72) + 
+ 2.495(75*) 


4.516 0.659 0.434 



T1-T1 Length (dl.t-pte), T2-T2 Length (d2.t-pte), T3-T3 Length (d3.t-pte), T4-T4 
Length (d4.t-pte), T5-T5 Length (d5.t-pte), *p-value < 0.05, S.E.E-Standard Error 
of Estimate 



Table 9 Step-wise regression models for reconstruction 
of stature from foot breadth (BBAL and BHEL) 
measurements on right and left side 



Variable 


Regression model 


S.E.E (cm) 


R R 2 


RBBAL, 


108.164 + 1.793(RBBAL) + 


5.394 


0.419 0.176 


RBHEL 


5.126(RBHEL*) 






LBBAL, 


1 08.849 + 2.803(LBBAL*) + 


5.409 


0.414 0.171 


LBHEL 


3.481 (LBHEL*) 







RBBAL-Right Foot breadth at ball (mt.m-mt.l), RBHEL-Right Foot breadth at 
heel (cc.m-ctu.l), LBBAL-Left Foot breadth at ball (mt.m-mt.l), LBHEL-Left Foot 
breadth at heel (cc.m-ctu.l), *p-value < 0.05, S.E.E-Standard Error of Estimate 



In such a forensic investigation, inter-observer and 
intra-observer error play an important role in the accu- 
racy and reproducibility of the anthropometric measure- 
ments. In the present study, utmost care was taken to 
ensure the precision of anthropometric measurements. 
The measurement errors have a substantial effect on the 
accuracy and reliability of the standards in forensic 
science which ultimately affect the forensic anthropology 
case work involving anthropometry [51]. Our study 
reveals no significant variation and errors associated 
with the technique in anthropometric measurements 
(Table 2). Therefore, a set of standards in the estimation 
of stature from foot and its parts produced by the pre- 
sent study are reliable. 

Conclusions 

The present study concludes that foot measurements 
have a strong relationship with stature in the sub-adult 
female population of North India. Hence, the stature of 
an individual can be successfully estimated from the 
foot and its segments using different regression models 
derived in the study. It was observed that the regression 
models derived from foot length measurements were 
more reliable than those from foot breadth measure- 
ments in the prediction of stature in forensic examina- 
tions. Stepwise multiple regression models tend to 
estimate stature more accurately than linear regression 
models in female sub-adults. Similar studies on a male 
sub-adult population are proposed. It is highlighted here 
that the findings of the present research apply to a very 
specific population (the sub-adult female population of 
North India) and hence, should not be generalised. 
Researchers are encouraged to conduct similar studies 
in different population groups to look into the genera- 
tion of additional standards which can further be used 
in the identification of individuals from human remains. 
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